ABSTRACT
The reduced risk of chronic diseases related to whole grain consumption is in part attributed to their high antioxidant content. Many studies have been performed on the in vitro antioxidant capacity of cereals, but in vivo studies are necessary. We have evaluated and compared the effect of whole grain durum wheat bread and whole grain Kamut ® khorasan bread on the oxidative status in rats. Two different bread-making processes were used for whole grain Kamut ® khorasan, sourdough and baker's yeast. After 7 weeks on the experimental diets rats were divided into two subgroups, one receiving an oxidative stress by doxorubicin injection. Our results evidenced both wheat durum and Kamut ® khorasan as good sources of antioxidants, and a lower oxidative state in rats fed the cereal-based diets. Furthermore, Kamut ® khorasan bread fed animals had a better response to stress than wheat durum fed, especially when a sourdough bread was supplied. Although further studies are needed, data herein reported suggest whole grains, particularly whole ancient grains, as a safe and convenient way of increasing antioxidant protection.
INTRODUCTION
The increased consumption of whole grains and whole grain products has been associated with reduced risk of developing chronic diseases (1) . Epidemiological studies also confirm that high whole grain intake protects against cancer, cardiovascular disease, diabetes, and obesity (2) . Potential mechanisms for this protection are diverse, since whole grains are rich in nutrients and phytochemicals. First, whole grains are concentrated sources of dietary fiber, resistant starch and oligosaccharides, which escape digestion in the small intestine and are fermented in the gut, producing short-chain fatty acids (SCFA). SCFA lower colonic pH, serve as an energy source for the colonocytes and may alter blood lipids. These improvements in the gut environment may provide immune protection beyond the gut (3).
Second, whole grains are rich in antioxidants, including trace minerals and phenolic compounds, which have been linked to disease prevention. Results of research (4, 5) have shown that the total phytochemical content and antioxidant activity of whole grains have been previously underestimated, and that whole grains contain more phytochemicals, mostly in bound form, than previously reported. In addition, whole grains contain unique phytochemicals that complement those in fruits and vegetables (6) . These compounds include phytate, phytoestrogens such as lignans, plant stanols and sterols, vitamins, and minerals.
The diversity of the active constituents in the different whole grain products and the complexity of the metabolic responses to each of them make it difficult to understand the mechanism by which whole grain cereals contribute to the protection against oxidative conditions and related diseases (7) . Actually, the in vitro antioxidant capacity of cereals and their constituents is only an approximate reflection of their in vivo antioxidant effect. Differences in antioxidant solubility and/or bioavailability within the digestive tract and the metabolism and/or conjugation of antioxidant compounds must be considered (7) , and in vivo studies are necessary before drawing conclusions.
This lack of information is particularly evident for the so-called "ancient wheat", which is increasingly interesting to both the food industry and consumers as a raw material or ingredient that feature natural and enhanced nutritional properties. The ancient wheat representing the main alternative cereals are Kamut ® khorasan wheat, spelt (Triticum spelta), einkorn (Triticum monococcum) and emmer (Triticum dicoccum). Kamut ® is a registered trademark used in marketing products of the organically grown QK-77 variety of Triticum turgidum, ssp. turanicum, whose common name is khorasan (8) . Recently Khlestkina et al. (9) suggested that khorasan could be the outcome of a natural hybridization event between T. durum and T. polonicum, which took place in the Fertile Crescent. A few studies regarding the nutritional value of Kamut ® khorasan are present in the literature, but its high carotenoid content (10) and the low allergenic potential of ancient wheats (11) make it potentially interesting.
The aim of the present study was to evaluate in vivo the effectiveness of a whole grain food product as a source of antioxidant, evidencing possible differences between modern and ancient wheat. At present, most studies regarding the antioxidant capacity of cereals are in vitro studies, based on unprocessed or partially processed cereals (whole meal or refined flour, germ, bran) rather than on cereal food products. Among these products, we chose bread since it is the most common, worldwide consumed one. We evaluated the effect of bread made from whole grain modern durum wheat and bread made from whole grain Kamut ® khorasan on the oxidative status in rats. Durum wheat was used instead of soft wheat because of its close taxonomic relationship to khorasan. Furthermore, since sourdough fermentation is widely used in the biotechnology of baked goods because of the many advantages it offers with respect to the baker's yeast, two different bread-making processes were used for whole grain Kamut ® khorasan, i.e. one using sourdough and one using only baker's yeast. The advantages of sourdough process are mainly related to the metabolic activities of lactic acid bacteria: lactic and acetic acid formation, proteolysis, synthesis of flavor compounds (12) (13) (14) , prevention of microbial contamination, decrease of starch staling. In the case of whole grains, sourdough may influence the levels and bioavailability of the bioactive compounds (15) (16) (17) .
In the light of the aim of this study, planning the study design we discarded the possibility of adding whole grain phytochemicals to a standard diet during its preparation for different reasons. First, whole grains contain many different phytochemicals, and the synergism of antioxidant components is well documented. The supplementation of the diet with one or more bioactives cannot give an overall vision of the possible impact of a certain food on antioxidant defenses. Furthermore, the addition of one or more phytochemicals to the standard diets implies an a priori choice of the most active compounds. To date, there are not enough data for attributing the health benefit of whole grains to specific bioactives. The use of whole grains for the preparation of a modified pellet diet was also discarded because it would have anyway modified the overall composition of the experimental diets, and the addition of a vitamin and mineral mix would have probably masked the possible effect of whole grain antioxidant compounds. Therefore we decided to feed animals exclusively with the different experimental breads. This approach allowed to: (i) exacerbate the possible effect of whole grain breads, avoiding any interference derived from bioactives derived from other sources; (ii) evidence the effect of a food (bread) usually present in the human diet, considering also changes in its nutritional properties that can derive from processing of raw material; (iii) examine differences related to different bread-making processes.
Although we were aware that the study design was uncommon, and the experimental breads could not completely match the nutritional requirements of rats, in our opinion this approach was the only one allowing to reach the objective of the study, i.e. the demonstration of the effectiveness of whole grain bread as source of antioxidants.
After 7 weeks on the experimental diets, animals were submitted to an oxidative stress by intraperitoneal injection of doxorubicin (DOX), and the response to stress was evaluated by measuring plasma total antioxidant activity (TAA) and concentration of reactive oxygen molecules (ROMs). The effect of the experimental diets on growth and blood glucose level were also determined. Agematched rats were also housed and fed a standard diet for the whole duration of the experimental protocol.
MATERIALS AND METHODS

Chemicals and reagents
Doxorubicin was a kind gift of Ebewe (Rome, Italy). All chemicals and solvents were purchased from Sigma Chemical Co. (St. Louis, MO, USA) and were of the highest analytical grade.
Diet preparation
Wheat (Triticum durum) bread (WB), Kamut ® khorasan bread (KB), and Kamut ® khorasan sourdough bread (SKB) were obtained by mixing whole grain organic durum wheat flour or whole grain organic Kamut ® khorasan wheat flour with distilled water (45.4%, 50.0% and 49.2% w/w on flour basis, respectively). Sunflower oil (12.72% w/w on flour basis) and baker's yeast (Saccharomyces cerevisiae) (2% w/w on flour basis) were added to all the doughs used in this experiment. In SKB a mother dough (17.2% w/w on flour basis) was also added. The mother sourdough was obtained by daily propagation and the manufacture included two steps of long and short fermentation for ~8 h and 4 h respectively at 22°C and 30°C. The doughs were leavened for 1.5 hours at 30°C and finally baked for 25 min at 215°C. The baked breads were sliced and cut into little cubes (volume 1 cm 3 ), put in vacuum sealed plastic bags and frozen until their use. One bag for each diet was thawed daily to feed the rats.
The standard diet contained proteins (21% w/w), lipids (8% w/w), and carbohydrates (61.5% w/w) in the normal nutritional range for rats, as well as appropriate amounts of vitamins and minerals.
Bread composition
Total carotenoids were determined in 80% acetone extracts by the method of Lichtenthaler et al. (18) . Total folic acid content was determined according to the AOAC official method 944.12 according to Koontz et al. (19) , and vitamin E content was analyzed by HPLC according to Gueguen et al. (20) . Soluble, insoluble and total dietary fiber content was estimated according to the method described by Asp et al. Phenolics were extracted from samples at room temperature using a mixture of ethanol/water according to Verardo et al. (24) . Total phenolic compounds (TPC) were determined at 750 nm using the Folin-Ciocalteu spectrophotometric method according to Verardo et al. (24) . To assess TPC a gallic acid calibration curve was made. RP-HPLC analysis was performed according to Verardo et al. (24) by a HPLC-DAD-MS (1100 Series, Agilent Technologies, Palo Alto, California, USA). Calibration curves for both ferulic acid and quercetin were constructed from 1-500 microg/mL, respectively, at 6 concentration levels for each compound, plotting peak area vs. analyte concentration. The HPLC analysis was replicated three times for each extracts and calibration points (n=3).
Animals
Sixty-four male Wistar rats, aged 30 days, were used. Animals were housed in individual cages in strictly controlled conditions of temperature (20 +/-2°C) and humidity (60-70%), with a 12 hour dark-light cycle.
Animals were randomly divided into four groups, each receiving one of the following diets: 1. standard chow diet (SD); 2. wheat bread (WB); 3. Kamut ® khorasan bread (KB); 4. Kamut ® khorasan sourdough bread (SKB). In the three experimental groups, rats were fed exclusively the different types of bread. Water and food were provided ad libitum. Food consumption was measured every day, and rat body weight (b.w.) every week.
The dietary treatment lasted for 7 weeks, then rats of each group were randomly divided into two subgroups, the first one receiving intraperitoneally 10 mg/kg b.w. of doxorubicin (DOX) in a single dose, the second one similar volumes of NaCl 0.9% (w/v) in distilled, apyrogen water solution. DOX is an anthracycline antibiotic, widely used as anticancer agent. Despite its high antitumor activity, its use in clinical chemotherapy is limited because of diverse toxicities. Oxidative damage to membrane lipids and other cellular components is believed to be a major factor in the DOX toxicity, which is mediated by the formation of an iron-anthracycline complex that generates free radicals (25) . DOX was administered intraperitoneally to escape the interference due to the gastro-intestinal tract (26) (27) (28) (29) .
After DOX injection, rats kept eating the same diet for 36 hours, then, after a 12 hour starvation, they were sacrificed. Blood was sampled by intracardiac withdrawal, plasma immediately separated by centrifugation and stored in separated aliquots at -20°C until analysis. The Animal Care Committee of the University of Bologna approved the study (Prot. 50932-X/10).
Plasma total antioxidant activity (TAA)
TAA was measured in plasma using the method of Re et al. (30) , on the basis of the ability of the antioxidant molecules in the sample to reduce the radical cation of 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), determined by the decolorization of ABTS
•+ , and measured as the quenching of the absorbance at 734 nm. Values obtained for each sample were compared to the concentration-response curve of the standard trolox solution and expressed as micromoles of trolox equivalent (TE)/mL.
Plasma peroxide level
The concentration of reactive oxygen metabolites (ROMs) in plasma was measured by applying the d-ROMs test (Diacron, Grosseto, Italy) as reported by Danesi et al. (26) . This test is based on the ability of transition metals to react with peroxides by the Fenton reaction. The reaction produces free radicals that, trapped by an alchilamine, form a colored compound detectable at 505 nm. Values obtained for each samples were compared to standard (H 2 O 2 ), and expressed as microg H 2 O 2 /mL.
Plasma glucose estimation
Plasma glucose level was determined by the glucose oxidase enzymatic method (31) . Briefly, glucose present in the sample is oxidized by the enzyme glucose oxidase to gluconic acid with the liberation of hydrogen peroxide (H 2 O 2 ), which reacts by peroxidase with 4-aminophenazone and phenol giving a colored compound Protein (g/100g) 9.6 +/-0. which can be measured at 515 nm. Values obtained for each samples were compared to a standard curve obtained using glucose serial dilutions, and were expressed as mg/dL.
Statistical analysis
All data are reported as mean +/-standard deviation (s.d.). Statistical analysis was by the one-way ANOVA, using Tukey's as post test, or by the Student's t test.
RESULTS
The three experimental breads provided similar energy, fat, and fiber, while protein content was higher and soluble carbohydrates lower in breads prepared using Kamut ® khorasan ( Table 1) . The concentration of all potentially antioxidant compounds appeared different in the three experimental breads. Total polyphenols and particularly selenium were significantly higher in KB and SKB than in WB, while folic acid presented higher values in WB (Table 1) . Regarding vitamin E and beta-carotene, the lower content observed in KB than WB was increased by the sourdough baking.
Although the total amount of phenolic acids and flavonoids was similar in the three experimental breads their profile was significantly different ( Table 2 ). The detected phenolic compounds have been previously described in wheat, therefore the identification of the different compounds was made comparing their UV and mass spectra with those reported in other works, as indicated in Table 2 . Notably, dihydroferulic and other derivatives of ferulic acid were present in KB but not in WB.
Experimental rats grew significantly less, and their b.w. at the end of dietary treatment was about 50% than SD rats (Figure 1 ). This difference was in agreement with the lower food consumption observed in experimental animals (about 22 g/day in SD fed and about 12 g/day in experimental diet fed rats) (data for food intake not shown).
All experimental animals appeared frankly hypoglycemic, and DOX administration elevated their glucose plasma level (Figure 2) . On the contrary, the oxidative stress did not affect glycemia in SD rats.
In basal conditions, no significant differences in plasma TAA were detected either among the different dietary groups or compared to SD animals ( Figure 3) . The oxidative stress caused by the intraperitoneal administration of DOX negatively affected plasma TAA in SD and WB fed rats (p<0.01 compared to the corresponding basal value), while it was ineffective in KB and SKB animals.
In basal conditions, ROM plasma level was significantly lower in rats fed with the experimental breads than in SD fed, SKB animals showing the lowest ROM concentration (Figure 4) . In SD and WB rats DOX administration caused a significant increase in ROM plasma level, while in KB and SKB groups ROM concentration did not change with respect to corresponding basal conditions. mg/dL, dashed line) in pair matched rats fed the standard diet is also reported. Glycemia was significantly lower in experimental rats than in standard diet fed ones (p<0.001 by the one way ANOVA). Comparison among experimental rats in basal condition (white bars) was by the one-way ANOVA (p<0.01) using Tukey's as post test (WB vs. KB p<0.01; KB vs. SKB p<0.01). No difference in blood glucose level was detected in standard diet fed rats after DOX administration. In each experimental group, glycemia in stressed animals (grey bars) was compared with the corresponding basal condition (* p<0.05; ** p<0.01). Comparison among DOX treated experimental animals was by one-way ANOVA (p<0.01) using Tukey's as post test (WB vs. KB p<0.01; KB vs. SKB p<0.01).
DISCUSSION
Whole grains contain significant concentrations of antioxidant compounds that could contribute to dietary antioxidant intake, and many studies have evidenced that cereal products, particularly whole grain ones, have significant antioxidant potential in vitro (34) . Studies on cereal products conducted on animals and humans remain scarce in view of the numerous in vitro studies, and this is paradoxical since most cereal antioxidants are only partly bioavailable (7) . Moreover, most of the in vitro studies are based on unprocessed or partially processed cereals rather than on cereal food products, and no information is available on antioxidant capacity of Kamut ® khorasan bread. In this investigation we have evaluated and compared in rats the effectiveness of whole grain modern durum bread and whole grain ancient Kamut ® khorasan bread as antioxidant source. To exacerbate the effects of whole wheat and Kamut ® khorasan, and to avoid bias, experimental diets consisted of bread only. An agedmatched rat group was fed a standard diet for the whole duration of the experiment. We were totally aware that the bread-based diets and the standard diet were not comparable. In this study, standard diet fed animals cannot be considered as control animals. They were just used to set the stage and to verify what happens, regarding the tested parameters, in pair-matched rats fed a normal diet.
The experimental diets were not completely balanced, although sunflower oil had been added during bread making to meet lipid and essential fatty acid requirements, and experimental rats of both groups grew significantly less than SD rats. This difference was related to the lower food consumption observed in experimental animals, and not to a different feed efficiency of the experimental diets. Our results are in agreement with the reported role that whole grains play in b.w. regulation, based on the effects that the components of whole grains have on hormonal factors, satiety, and satiation. In both clinical trials and observational studies the intake of whole grain foods was inversely associated with plasma biomarkers of obesity, including leptin concentrations. The fiber content of whole grains may also affect the secretion of gut hormones that may act as satiety factors (35) .
Although smaller in size, all experimental rats appeared in a fair state of health, as assessed by a veterinary surgeon, having normal reactivity and behavior and no symptoms of malnutrition. The lower blood glucose level observed in bread-fed rats can be easily attributable mainly to the reduction in food consumption (36) . Interestingly, a hypoglycemic effect has been observed in both normal and STZ-induced diabetic rats after consumption of an aqueous extract of Triticum repens, a plant found in the wild belonging to the Gramin family (37) .
Notwithstanding the lower food intake, experimental diets were able to effectively match the requirement of exogenous antioxidants, as evidenced by plasma TAA which was similar in all groups in basal condition. This confirms in vivo that whole grain bread is a very good source of bioavailable antioxidants. It is particularly relevant considering that experimental rats were fed a not completely balanced diet, probably leading to insufficient intake of some nutrients. Relative deficiencies of many micronutrients are related to an increased oxidative status (38) (39) (40) (41) . In this light, whole grain Figure 3 . Plasma total antioxidant activity (TAA) of rats fed the experimental diets in basal and stressed condition. Plasma TAA was determined as reported in Methods, and expressed as micromol Trolox Equivalent (TE)/mL. Data are means +/-s.d. of 6 rats in each group. TAA in basal (1740 +/-59 micromol TE/mL, dotted line) and oxidative condition (1550 +/-35 micromol TE/mL, dashed line) in pair matched rats fed the standard diet is also reported. In basal condition, TAA was similar in standard diet and experimental diet fed rats (n.s. by the one way ANOVA), and among experimental rats (white bars) (n.s. by the oneway ANOVA). In oxidative condition, a significant decrease in TAA was detected in standard diet fed rats (p<0.001 by the Student's t test). In each experimental group, TAA in stressed animals (grey bars) was compared with the corresponding basal condition (** p<0.01 by the Student's t test). Comparison among DOX treated experimental animals was by one-way ANOVA (p<0.001) using Tukey's as post test (WB vs. KB and SKB p<0.001; KB vs. SKB p<0.05).
breads appeared particularly effective since they maintained antioxidant defenses at a normal level.
The oxidative stress caused by the intraperitoneal administration of DOX negatively affected plasma TAA in SD and WB fed rats (p<0.01 compared to the corresponding basal value), while it was ineffective in KB and SKB ones. As we observed in previous works in both cultured cardiomyocytes (42, 43) and rats (26, 27) , TAA reduction after DOX administration could reflected a consumption of antioxidant molecules because of the adriamycin-induced increase in ROM production. Accordingly, ROM plasma level in oxidative condition increased in SD and WB animals (Figure 4) . On the contrary, DOX administration did not cause either a decrease in plasma TAA or an increase in ROM concentration in KB fed animals.
The better response to oxidative stress observed in KB and SKB than in WB rats is hardly attributable to a single specific component, since the content of all the main antioxidants was different in the three experimental breads. WB, KB, and SKB also evidenced a different phenolic profile. Several studies demonstrated that ferulic acid and its derivatives are the major hydroxycinnamic acids detected in human and rat plasma after cereal consumption (44, 45) , and many reports indicate that these compounds possess the greatest antioxidant capacity in vitro and the highest protective effect against oxidative stress in vivo (46) (47) (48) . Ferulic acid derivatives and dihydroferulic acid were not identified in WB, and their content was higher in SKB than in KB.
Furthermore, KB and SKB selenium content was higher than in WB. Although all whole grain foods are considered valuable sources of selenium (3), in this study Se content was 10 fold higher in Kamut ® khorasan based bread. Similar results have been recently reported by Piergiovanni et al. (49) who suggested that a high aptitude to uptake Se from soil could be associated to Kamut ® khorasan. Selenium functions in the active site of a large number of selenium dependent enzymes which participate in the oxidative stress protection of cells (50) . The high availability of selenium represents the single most important factor for biosynthesis of glutathione peroxidase (GPx) and other selenoproteins, and the very high intake of the micronutrient could have sustained the synthesis of these antioxidant enzymes in KB and SKB fed rats, therefore maintaining a high antioxidant activity even in stressed condition. This is in agreement with our previous works on GPx activity in liver and heart of Se supplemented rats (26, 27) .
In the living organism, all antioxidants contribute in a synergistic way to the overall defense against oxidative damage, so it is conceivable that all experimental diets had an appropriate antioxidant profile able to maintain total antioxidant activity in basal condition, and the best profile of KB and SKB was evidenced only after DOX administration.
Many studies indicate that the protection against DOX-induced toxicity obtained by supplementation with different bioactives/foods can be attributed, at least in part, to antioxidant activity (28, 51) . TAA can be considered as the summation of the interactions among various endogenous and exogenous antioxidants. Although a highest selenium intake has been related to the increase of plasma TAA (52) (53) (54) , it is difficult to discriminate the contribution of an enhanced activity of plasma glutathione peroxidase and other selenoproteins to TAA level. Anyway, a high TAA level is considered important in the counteraction of the oxidative stress.
Oxidative stress is a term used to denote the imbalance between the concentrations of reactive oxygen and nitrogen species and the defense mechanisms of the body. In this light, the assays used for evaluation of "oxidative stress" can be divided in: (i) assays based on measuring the concentrations of oxidation products; (ii) assays based on measuring the concentration of antioxidants. A plethora of different assays are available for measurements of both oxidation products and antioxidants. Unfortunately, as reported by Dotan et al. (55) , none of these methods can be defined as the most appropriate criterion for defining "oxidative stress" in universal terms. In this study, we evaluated the oxidative stress by measuring plasma TAA and ROMs. Plasma TAA is a widely used parameter considered as the summation of the interactions among various antioxidants, and ROM plasma level is reported as a valid indicator for oxidative damage measurements by different authors (56) (57) (58) . Although these two assays, as well other assays, cannot universally predict the "oxidative status", they allow to evidence the effects related to the consumption of different whole grain breads. It is important to note that in our study results related to these two indicators were in total agreement, and a significant inverse correlation was found between TAA and ROM level (Pearson's correlation: -0.33, p<0.05). Actually, the role of experimental diets as good sources of antioxidants in basal condition was evidenced not only by TAA, but also by ROM plasma level, which was significantly lower in rats fed with the experimental breads than in SD ones. Besides antioxidant intake, these results could be also accounted to the lower food intake in experimental animals, since it is documented that energy restriction is a powerful intervention that slows the aging process, probably acting also through an attenuation of oxidative damage (59) .
Although the type of wheat used for bread making (durum vs. Kamut ® khorasan) appeared to be the main determinant of the observed protective effect, the sourdough fermentation process could also play a key role. In fact, although all animals fed Kamut ® khorasan bread had a low ROM plasma level, in basal condition it was lower in SKB than in KB (p<0.01). The antioxidant activity of lactic-fermented foods has been widely described with in vitro assays (60) , and it has been suggested that sourdough fermentation increases the levels of easy-extractable phenolic compounds (16) . Furthermore, vitamin E content was twice as much in SKB than in KB. It is conceivable that this is related to both the presence of particular microorganisms and their role in fermentation process. Actually, in the end of fermentation process yeasts (mainly represented by Saccharomyces cerevisiae) and lactic acid bacteria (mainly belonging to L. plantarum species) accounted around to 7.8 and 7.9 log CFU/g respectively. Moreover SKB dough was characterized by a lower pH (3.96) in comparison to WB and KB (6.29 and 6.91 respectively), due to the sourdough fermentation. It has been reported that S. cerevisiae can significantly increase the total concentration of tocopherols and tocotrienols, depending on type of grain and process (61). This is particularly evident when grains are subjected to an enzymatic pre-treatment (amylases, proteases, glucanases). Therefore, the sourdough fermentation "pre-treatment" could have enhanced the vitamin E content in SKB. Regarding lactic acid bacteria, although they are not reported as vitamin E producers, their antioxidant ability in rat deficient in vitamin E has been described by Lin et al. (62) . Beta-carotene content was also higher in SKB than in KB. Several Authors demonstrated the positive influence of fermentation (by yeasts and bacteria) on antioxidant compounds including vitamins C, E and carotenoids in protein based foods (63) and traditional fermented foods (64) . It is conceivable that sourdough fermentation, causing the observed modification in SKB composition, has significantly contributed to the protective activity.
In conclusion, whole grain bread appears to be a good source of exogenous antioxidants and is able to effectively match the maintenance of normal plasma TAA in basal condition. The onset of an oxidative condition evidences differences related to raw material (whole grain durum vs. whole grain Kamut ® khorasan) and breadmaking (baker's yeast vs. sourdough fermentation). These differences cannot be accounted to single compounds, but to a best antioxidant profile of KB and even more SKB.
Further studies are needed before drawing conclusions on the effects of whole grain Kamut ® khorasan wheat in humans, but until those studies are made, these reported results might suggest a safe and convenient way of increasing antioxidant protection, and underline the importance of raw material and breadmaking process for the achievement of the most effective protection. This could be significant in the light of consumers' awareness of the important impact of food and nutrition on health and well being, which is driving food processes towards the development of new products possessing higher nutritional quality.
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